Abstract: Due to a growing demand for functional fermented dairy foods with improved nutritional qualities, the food processing industry has prompted to cut down on ingredients such as fat, sugar and additives, thereby necessitating some important changes in sensory qualities that infl uence consumer acceptance of fermented dairy products. Addition of functional ingredients such as whey protein concentrate (WPC) and honey may improve overall quality of yoghurt. It is well known ability of WPC to support formation of whey protein aggregates which highly improve physical properties of yoghurt. Honey may be an ideal sweetener for yoghurt due to its sugar concentration, low pH and a variety of benefi cial nutritional properties.
Introduction
The term functional foods was fi rstly introduced in Japan in the mid-1980s and refers to processed foods containing ingredients that aid specifi c bodily functions in addition to being nutritious (Hasler, 1998) . The global functional foods market continues to be a dynamic and growing segment of the food industry. In recent years, due to numerous healthy effects, different kind of dairy products, but particularly yoghurt, increased their popularity among consumers all over the world. Previous studies have shown that yoghurt is one of the best sources of calcium, an essential nutrient which can prevent osteoporosis and possible colon cancer (Özer & Kirmaci, 2010) .
In the production of yoghurt, heat treatment of milk is one of the most important processing parameters that infl uences consumer acceptance of fi nal products. It was shown that the heat treatment of milk prior to fermentation increases yoghurt fi rmness and generally infl uences rheological properties of yoghurt (Harwalkar & Kalab, 1980) (Lucey, et al., 1999) . Heating of milk above 70°C induces denaturation and aggregation of whey proteins and their association with casein micelles (Lucey et al., 1999) . Addition of functional ingredients such as whey protein concentrate (WPC) and honey may improve overall quality of yoghurt. Fortifi cation of milk for yogurt, prior to the heat treatment of milk, with WPC results in higher concentration of denatured ß-lactoglobulin and α-lactalbumin which saturate all of binding capacity of κ-casein to whey proteins, lead to the formation of additional whey protein aggregates (Puvanenthiran et al., 2002) (Aziznia et al., 2008 ). An increase in concentration of WPC yielded more compact structure with numerous small pores and a dense network of cross-links (Bönish et al., 2007) which increased fi rmness (Augustin et al., 2003) (Puvanenthiran et al., 2002) , decreased syneresis and increased water holding capacity of the yoghurt (Sahin & Ozdemir, 2004) . Since the yoghurt milk is heated at relatively high temperatures (e.g., 90-95°C for 10 min), the whey protein present in WPC is fl occulated, and the water-holding capacity of the curd is reduced (Parnell-Clunies et al., 1986) . Due to that, it was demonstrated that the heat treatment at 90°C for 10 min is the optimum heat treatment norm to obtain yoghurt with a good textural quality (Yildiz, 2010) . Obviously, WPC as an ingredient improves nutritional values and biological effects of yoghurt on health (Antunes et al., 2005) (Özer & Kirmaci, 2010) but also may affect consumer's acceptability and preference (Fox, 2001) (Warner et al., 2001) . In sensory evaluations, specifi cally fl avour perception, WPC has limited applications in food: 2-3% (Gonzalez-Martinez, 2002), cause may affect undesirable fl avour (Quach et al., 1999) . Combination with other ingredients such as honey may improve fl avour profi le. From this point of view, honey may be an ideal sweetener for yoghurt due to its sugar concentration, low pH and a variety of benefi cial nutritional properties. Scientifi c evidence has demonstrated a number of health benefi ts of honey, as antimicrobial, antiviral, antiparasitory, anti-infl ammatory, antioxidant, antimutagenic and antitumor effects (Bogdanov et al., 2008) . Other important effects of honey on human digestion have been linked to improvement of calcium and magnesium absorption, prevention of colon cancer and lowering cholesterol (Bogdanov et al., 2008) (Molan, 1997) .
Furthermore, several studies have been reported that honey had benefi cial effects on the fermented milks; improves LAB viability and longer shelf life (Riazi & Ziar, 2008) ; improves viability of bifi dobacteria in probiotic fermented milks (Chick et el., 2006) (Varga, 2006) and improves the quality of the fi nished product (Varga, 2006) .
The aim of the present study was to examine the effect of WPC, as well as combination of WPC and honey, on the physical and chemical properties of low fat set-style yoghurt during refrigerated storage. On the other side, as honey presents a higher nutrition value ingredient, the addition of different percent of honey in combination with WPC could present a novel formulation for functional fermented dairy food.
Materials and methods

Materials
Homogenised raw milk (1.5% fat, 3.3% proteins, 4.7% lactose), obtained from "MILKO", d.d. Prijedor (Prijedor, Bosnia and Herzegovina), was used for the production of yoghurt samples. The initial pH of the yoghurt milk was 6.58 (±0.01). Physical, chemical and microbiological characteristics of milk samples were entirely in accordance with the pertinent standards.
Yoghurt starter culture VIVOLAC DriSet Yogurt 442: 10% Lactobacillus delbrueckii subsp. bulgaricus and 90% Streptococcus thermophilus (Vivolac Culture Corporation, Indiana, USA) was applied to achieve a concentration of 0.0025 in manufacturing yoghurt samples.
Whey protein concentrate (Textrion TM PROGEL 800 -DMW International BV -Veghel -The Netherlands) contained 80% proteins, 5% ash, 5% fat, and 7% lactose.
Acacia honey (BK Kompani, Bosnia and Herzegovina) declared as follows: 16.9% water, 0.08% ash, 82.6% total sugar, 71.1% reducing sugars), was used. Physical, chemical and microbiological characteristics of honey samples were entirely in accordance with the pertinent standards.
Yoghurt manufacturing
Raw and homogenized skim milk (1.5% fat) with a supplement of WPC (1%) was heated at 95ºC for 10 min. After being heated, milk was cooled to 55ºC and acacia honey was added to the samples with the WPC, so that the two concentrations: 2% and 4% were achieved. As the control samples those without any addition were considered. The milk was cooled to the optimal temperature (41°C), inoculated with the chosen yoghurt starter, poured into 200-ml sterile cups and 50 ml capacity centrifuge tubes (SIGMA, Germany) and incubated at the same temperature until pH 4.5 to 4.6 was reached. Fermentations were stopped by rapid cooling to 20°C and the samples of fermented milk were placed in a cold storage at 5°C ±1. Each trial was repeated three times.
Codes of different yoghurt samples, according to the plan of experiments were: control (control yoghurt without any addition), WPC1 (yoghurt with 1%WPC), WPC1H2 (yoghurt with 1%WPC and 2% honey) and WPC1H4 (yoghurt with 1%WPC and 4% honey).
Physical and chemical analyses
After manufacturing, low fat yoghurt samples were analyzed to determine their physical and chemical characteristics. Physical characteristics were assessed through pH, water holding capacity (WHC) and viscosity, while chemical properties were assessed by measuring lactic acid. pH was measured using pH 510/ mV Meter (Eutech Instruments, England) during fermentation and during 21 days of storage. To determine WHC set yoghurt samples were analyzed by the centrifugation method (SIGMA 2-6 Laboratory Centrifuges, Sigma Laborzentrifugen GmbH, Germany). Water-holding capacity (WHC) was determined according to the procedure introduced by Guzman-Gonzalez et al. (1999) (Guzman-Gonzalez et al., 1999) . Viscosity was measured using a Brookfi eld DV-E viscometer (Brookfi eld Engineering Laboratories, Stoughton, MA, USA). The viscometer was operated at 20 rpm (spindle #4). Each result was recorded in mPa·s after a 30 s rotation, during 3 min. Lactic acid is calculated on the basic titratable acidity (Sabadoš, 1996) during 21 days of storage. Analyses of the produced samples were carried out on the 1, 7, 14 and 21 days of storage at 5ºC. The average value of 3 measurements was taken for further analysis.
Statistical analyses
The data was analyzed by using Tukey's test (SigmaPlot 11.0, Sysstat Software, Inc. USA) and Excel 2007. Values of different tests were expressed as the mean ± standard deviation (x ± SD). Results and discussion
Fermentation
During the fi rst 60 min of fermentation, the pH value of milks supplemented with WPC or WPC and honey was same as control (Fig.1) . After 100 min of fermentation of samples supplemented with combination of WPC and honey or WPC alone pH value decreased faster than in control samples. As it is evident from the Fig.1 , the fermentation time became shorter for the yoghurt samples with the addition of WPC as well as for the samples with added combination of WPC and honey. The fermentation lasted about 420 min in the control yoghurt, about 300 min in samples with WPC and combination of WPC and 2% honey, and the shortest fermentation time had the samples with combination of WPC and 4% honey, about 4 h (240 min). The obtained results for samples enriched with WPC are in agreement with the results of some authors (Milanović et al., 2009) (Lucey et al., 1999) . They found that the addition of WPC to milk and subsequent heat treatment resulted in a decrease of the gelation time. On the other side, some results of investigation of infl uence of addition of sunfl ower honey to milk prior to fermentation have shown that honey did not decrease fermentation time of yoghurt (Sert et al., 2011) , which is not in agreement with the obtained results.
pH and lactic acid
The pH and lactic acid (%) of all samples had slightly changed during the storage period (Table 1 ,2). The pH value during 21 days of storage was in range from 4.49 to 4.21 for control, from 4.48 to 4.14 for samples with WPC, for samples with combination of WPC and 2% honey from 4.34 to 4.08 and for sample with combination of WPC and 4% honey from 4.17 to 3.99 (Table 1) . Similar results were obtained by Varga (2006) were more stable and lower in the yoghurts with WPC and combination of WPC and honey addition than in control yoghurt. Due to buffering capacity of WPC (Puvanenthiran et al., 2002) yoghurt samples had a stable pH value during the storage time. 
*Means of lactic acid (±SD), Cv-coeffi cient of variability
The data obtained for lactic acid (Table 2 ) was for control yoghurt from 0.66 to 0.78%, for samples enriched with WPC from 0.69 to 0.80%, for samples with combination of WPC and 2% honey form 0.72 to 0.84% and for samples with combination of WPC and 4% honey from 0.76 to 0.88% (Table 2) . Yoghurt enriched with combination of WPC and 4% honey had the highest value of lactic acid during the storage time. 
Viscosity and water holding capacity
Viscosity of yoghurt samples are presented in Figure 2 . Produced yoghurt samples had very high viscosity. Control sample had the lowest viscosity (170.4 mPas at the fi rst day and 152.3 mPas at 21 days of storage), while the highest viscosity had sample with combination of WPC and 4% honey (280.5 mPas at the fi rst day and 217.2 mPas at 21 days of storage) apart from the last day of storage when the highest viscosity had a samples with lower addition of honey (2%) in combination with WPC (248.3 mPas). Addition of 2% acacia honey and 1% WPC increased viscosity of yoghurt compared to the control samples, until an increase of honey proportion resulted in a decrease of viscosity. However, this viscosity changes induced by addition of different quantity of honey appeared to have no signifi cant differences (P>0.05) compared to the control yoghurt. Viscosity of all samples slightly increased with storage time due to the presence of WPC and thanks to its well known characteristics (Özer et al., 2010) (Augustin et al., 2003) . On the other side, due to the presence of honey and water-binding capacity of fructose, viscosity development is a more rapid (Staley, 1987) . Furthermore, due to the content of non-digestible dietary fi bre (oligosaccharides), honey could probably have similar effect on physicochemical properties of low fat yoghurt as fructooligosaccharides. In previous studies, it has been shown that some fructooligosaccharides could be used in yoghurt production as fat replacer or as stabilizers (Franck, 2002) Means followed by the same are not signifi cantly different (p<0.05) according to Tukey's test tions: the binding of water and promotion of increase in viscosity (Tamime & Robinson, 1999) . This could explain increase in the viscosity of yoghurt samples containing 2% honey, at the end of the storage time. However, higher content of honey (4%) in combination with 1% WPC yielded to lower porosity of protein matrix, weaker protein interactions and strength of protein network which resulted in lower viscosity. Changes in WHC of yoghurt samples are presented in Figure 3 . The lowest WHC had control yoghurt samples and have decreased during storage time from 67.0% (at the fi rst day) to 54.43% (at the end of the storage time). Signifi cantly higher WHC, with about 30% percent higher value of WHC, had the samples with WPC and combination of WPC and WPC and honey whose WHC slightly decreased during the storage time. WPC had signifi cantly increased water-holding capacity even at 0.3 or 0.5% addition and it was about 75% (Milanović et al., 2009) . Stable values of WHC of yoghurt samples enriched with WPC during the storage time could be explained by the fact that WHC can be increased by adding stabilisers that interact with the casein network, which in this case is WPC, but also honey. In most honeys, fructose predominates (White, 1980) , and fructose has a high water-binding capacity so it may react with many starches. Addition of honey in combination with WPC could lead to a higher water-holding capacity which is connected, also, with a decrease in syneresis due to its rearrangements in protein network structure during the storage time.
Conclusion
Obtained results revealed that WPC addition had positive effects on the physical-chemical properties of produced yoghurt. Water-holding capacity, pH and lactic acid content and viscosity of the products remained almost unchanged after addition of honey. The knowledge obtained from this study could be applied for the development of novel formulation for functional fermented dairy food: WPC and honey enriched yoghurts.
